countries in settings like primary health care (PHC) and hospital laboratories. [14] [15] [16] [17] [18] Pharmacies represent another setting compared with PHC and hospital laboratories. In Norway, while the pharmacy education training includes a great deal of laboratory work, they have little training in clinical chemistry like using POC instruments and quality control of the instruments. In Norway, 99% of the GP offices, all hospital laboratories and the majority of nursing homes participate in the Norwegian quality improvement of laboratory examinations (Noklus). In addition to external quality assessment (EQA) surveys for laboratory analysis, Noklus provides individual feedback, guidance in implementation of analysis including correct sampling and analysis, site visits, and laboratory and online courses for all participants in PHC. 19 Noklus laboratory advisors also assist the participants in relation to performance, as well as interpretation and documentation of the internal quality control (IQC) results. The most important role of the laboratory advisors is to guide the users when deviant quality control results are found.
So far, pharmacies are not routinely offered enrolment in Noklus. However, in one previous study pharmacies were trained in how to perform IQC and participated in the EQA survey for glucose provided by Noklus. 20 The quality of the performance of pharmacies was similar to that of GP offices. 20 In an ongoing project, our aim is to investigate if Norwegian community pharmacies can contribute to identify persons with type 2 diabetes (T2D) using Finnish Diabetes Risk Score (FINDRISC) 21 or QDiabetes® 22 risk tests followed by HbA1c measurements using POC instruments for those at high risk. Our aim of this study was to describe the implementation of analytical quality control of the HbA1c POC instrument in community pharmacies, and their IQC and EQA performance for HbA1c POC instrument in this project.
Methods
In this longitudinal study, all 350 community pharmacies in a Norwegian pharmacy chain (Apotek 1) were invited to participate. A total of 19 pharmacies accepted, of which 11 were randomized to offer both a diabetes risk assessment and measurement of HbA1c and 8 offered only a diabetes risk assessment. The HbA1c POCT DCA Vantage Analyser (Siemens Healthcare Diagnostics, Erlangen, Germany) was selected for the study. 23 Between 470 and 477 of the GP offices in Norway that are enrolled in Noklus used DCA Vantage Analyser during the project period, and results from EQA for these GP offices were included in the study.
Training of Pharmacists
Two project pharmacists from each of the 11 pharmacies offering measurement of HbA1c participated in a training program, and the pharmacies were enrolled in Noklus' EQA program for HbA1c. At one pharmacy, one of the pharmacists left during the project period, and a new pharmacist was trained by the project leader. The pharmacists received the following training related to testing and analytical quality control: Received oral information on how to perform internal and external quality control, and training with guidance from a representative from the manufacturer and a Noklus laboratory advisor • • Received an on-site guidance by a Noklus laboratory advisor who ensured that they performed the capillary blood sampling and HbA1c measurement correctly.
As participants in Noklus, the pharmacies were offered guidance from a Noklus laboratory advisor by site visits, and the advisors were also available by telephone and email during working hours.
GP Offices
The GP offices have been enrolled in Noklus since 1993. They have a site visit from a Noklus laboratory advisor about every second year, and the employees at the GP offices involved in laboratory work are encouraged to take the Noklus online courses.
Internal and External Quality Controls for HbA1c
HbA1c IQCs in two levels from the producer of DCA Vantage Analyser were used, normal (target value 5.3% HbA1c (34 mmol/mol HbA1c)) and abnormal (target value 10.4% HbA1c (90 mmol/mol HbA1c)). The pharmacists were instructed to perform IQCs analysis each day a customer HbA1c measurement was performed and upon opening a new box of reagent. IQCs were evaluated against limits set by Noklus (acceptance interval = target value ± 10%).
Three Noklus EQA surveys for HbA1c were distributed during the study. The EQA control material for HbA1c from Noklus is pooled, fresh K 2 -EDTA blood in two levels from persons with and without diabetes (patient-like material).
The target values are established by the European Reference Laboratory (ERL) for glycohemoglobin (the Netherlands). In the EQA survey for HbA1c the participants are evaluated for trueness and precision. Trueness is defined as the degree of closeness of the mean of the participants' duplicate HbA1c measurements and the target value, and precision is given by the difference between the duplicate measurements of the controls. The Noklus criteria for assessing trueness and precision in the EQA survey for HbA1c are based on consensus of clinical outcome (Table 1) . Only participants who returned results in both levels were included in the calculations.
The participants receive a feedback report with evaluation of their results with respect to trueness and precision and compared with other participants of the survey. Participants with "poor" results are contacted by a Noklus laboratory advisor to uncover the causes and correct any mistakes that may have been made.
After the study period, surveys were sent to the Noklus laboratory advisors and the pharmacists. Noklus laboratory advisor were asked about the cooperation with the pharmacies, if they had any contact after the initial visit and the routines for follow-up when participants do not answer the EQA survey. Questions to the pharmacists included if they had taken the online courses and whether they found them useful. In addition, oral information was collected about their experience with the project, particularly in regard to measurements and quality control of HbA1c.
Statistics
Statistical analysis was performed using R version 3.4.1. 24 The lme4 package using the lmer function for a linear mixed-effects model 25 was used for calculation of coefficient of variation (CV) with 95% confidence interval (CI) for IQC from all pharmacies (CV% Between-pharmacies ) and operators (pharmacists) (CV% Between-operator ). The lmer function for a random nested model 25 was used for calculation of the imprecision with 95% CI for the EQA control within (CV% Within ) and between (CV% Between ) pharmacies or GP offices. Excel version 15.38 was used for descriptive statistical analysis and figure.
HbA1c is reported in both SI (mmol/mol) and % units using the master equation: NGSP (HbA1c, %) = [0.09148 * IFCC (HbA1c, mmol/mol)] + 2.152. The criteria for trueness and precision in Table 1 are reported only in percentage HbA1c units.
Results
Three project pharmacists did not attend the one-day course, but they received personal instructions and training by the project leader and Noklus laboratory advisor. In total 75 HbA1c measurements were performed at nine of the pharmacies during the study. Two pharmacies did not perform any HbA1c measurements.
Results From IQC
In total 89 IQC measurements were reported from eight pharmacies (Table 2) . Results from one pharmacy are missing, and at two pharmacies no IQC measurements was performed because they did not perform any HbA1c measurements on customers. In total, there were 15 operators, and they each reported between one and 14 of the 89 IQC results (Figure 1 ). The mean HbA1c was within the acceptance interval in both levels, while two pharmacies reported one measurement each outside the acceptance interval (Table 2, Figure 2 ). The CV% Between-pharmacies (95% CI) was 1.9% (0.83, 3.9) and 5.0% (3.0, 9.8) in the normal and abnormal level, respectively. The corresponding numbers 
Results from External Quality Assessment (EQA)
Seven pharmacies participated in all the three Noklus EQA HbA1c surveys in the period from October 2016 to April 2017. One pharmacy analyzed the control material in two of these surveys, and one pharmacy analyzed the control material in one of these surveys. Two pharmacies did not analyze the control material in any of the surveys (Tables 3  and 4 ). In total, 441, 424, and 402 GP offices using DCA Vantage reported results in the same three Noklus EQA HbA1c surveys, respectively. Thus, between 19% (n = 2) and 36% (n = 4) of the pharmacies and between 5.5% and 11.5% of the GP offices that received EQA control material did not return results and are not included in the calculations of trueness and precision.
Between 56% and 100% of the pharmacies obtained a "very good" evaluation for trueness (Table 3) and between 71% and 100% obtained a "very good" evaluation for precision ( Table 4 ). The corresponding numbers for GP offices were 75-87% for trueness (Table 3 ) and 84-94% for precision (Table 4) . No pharmacies obtained a "poor" evaluation, while 0.23-1.24% and 0.50-2.04% of the GP offices obtained a "poor" evaluation for trueness (Table 3) and precision (Table  4) , respectively. For the pharmacies, the deviation from target (trueness) tended to be lowest in survey 3, and all participating pharmacies obtained "very good" evaluation for trueness (Table 3 ). However, difference between duplicate measurements (precision) was lowest in survey 2 where 100% obtained "very good" evaluation for precision (Table 4) .
Differences between pharmacies and GP offices in CV% Within and CV% Between were found for sample 1 in survey 1, CV% Within (95% CI) pharmacies: 1.06 (0.69, 1.90) vs GP offices: 2.04 (1.91, 2.18) and sample 2 in survey 2, CV% Between (95% CI) pharmacies: 0.75 (0.48, 1.40) vs GP offices: 1.75 (1.64, 1.88) (Table 5 ). However, the results must be interpreted with caution since the number of pharmacies is very low (n = 7-9) and the 95% CI is wide compared to the GP offices (n = 402-441) ( Table 5 ).
The measurement of the control material at the GP offices were mainly performed by medical secretaries (76-78%), nurses (10-11%) and biomedical laboratory scientists (10%).
Follow-Up by Noklus Laboratory Advisors
All Noklus laboratory advisors answered the survey. The contact with the pharmacies after the initial visit varied between the sites due to heavy work load, sick leave, and different routines. One Noklus laboratory advisor sent an email to the pharmacy due to high IQC value, but the pharmacy did not respond. The others had one or two visits, one or two contacts by phone or email correspondence. One Noklus laboratory advisor had email and telephone contact and visited the pharmacy do discuss routines for IQC, storage and expiration of the reagents. One Noklus laboratory advisor did not consider the pharmacies as fully members of Noklus since they were a part of a project. Normally the Noklus laboratory advisors follow up with participants when they do not submit results from EQA over time. None of the pharmacies were contacted due to missing response to EQA survey.
Noklus Online Courses
In all, 14 of the 22 pharmacists answered the survey. At three pharmacies both pharmacists answered the survey, at eight pharmacies one pharmacists answered the survey, and two pharmacies did not answer. All these pharmacists took the two Noklus online courses, and 11 found the courses useful, while three found them to be too detailed or did not think they were relevant.
Discussion
This study shows that it is possible to implement quality control of HbA1c POC instrument in pharmacies. For the IQC the between-laboratory CV was 1.9% and 5.0% in normal and abnormal HbA1c level, respectively (Table 2) . Thus, the pharmacies fulfilled the recommendation of between-laboratory CV <3% for a single method 26 in the normal level. In addition, only 2% of the IQC measurement were outside the acceptance interval (Table 2, Figure 2 ). In the HbA1c EQA surveys no pharmacies, and only a small percentage (0.23-2.0%) of the GP offices obtained "poor" evaluation for trueness and precision (Tables 3 and 4 ). The percentages of pharmacies obtaining "very good" and "acceptable" evaluation for trueness and imprecision were comparable with GP offices (Tables 3 and 4 ). In addition, the analytical variation and between variation was comparable with results obtained by GP offices (Table 5) .
Strengths of this study are that the pharmacies were enrolled in an EQA organization with 25 years of experience, 19 and the Noklus laboratory advisors were available for any questions the pharmacist may have regarding IQC and EQA. The pharmacies were enrolled in Noklus for a period of six months and participated in three EQA surveys, so their performance was monitored over time and not just at one time point. It has been showed that participation in EQA programs improve analytical quality over time. 27, 28 We did not observe improvement in the pharmacies' performance during the length of this study, but six months is probably too short to show improvement in analytical quality, especially when they started at a relatively high level. This might be due to that the training program was satisfactory, and that the HbA1c POC instrument that was chosen is reported to be user-friendly and fulfil the analytical quality specifications. 23 The number of GP offices was high, and both the pharmacies and GP offices represents various locations throughout the country. However, the pharmacies were self-recruited so they might not be representative of all pharmacies.
Limitations of this study are that the number of pharmacies is low and that only nine reported EQA results. Thus, the analytical variation and variation between the pharmacies are only indications of their performance compared to results obtained by more than 400 GP offices. Calculations are based on participants who returned results in both levels in the EQA surveys. Between 19% (n = 2) and 36% (n = 4) of the pharmacies and between 5.5% and 11.5% of the GP offices did not return results.
a "Very good": deviation of results from the target interval within ±2% of the target interval. "Poor": deviation of results from the target interval outside ±5.4% of the target interval. "Acceptable": deviation of results from the target interval between the interval for "very good" and "poor." The numbers of GP offices were 441, 424, and 402 in surveys 1, 2, and 3, respectively. Participants with "poor" evaluation for precision (difference between duplicate measurement ≥ 0.5) ( Table 4) are not evaluated for trueness. Thus, the sums of the percentage values across the table are less than 100% for the GP offices.
IQC was performed on the same day as a customer was tested for only half of the customers HbA1c measurements. However, only 15% of the customers HbA1c measurements were performed without IQC same week. Noklus laboratory advisors instruct other Noklus participants to perform IQC every week. In this study, it was decided to perform IQC more often to secure correct HbA1c measurement. Thus, there might have been unclear instructions for how often to perform IQC at the course day and from the Noklus laboratory advisors.
The two outlying IQC measurements were obtained by two different operators with the same level of training and experience at two different pharmacies, and were the second and third IQC measurement, respectively, for each of the two operators. Thus, there is no relationship between outliers and who performed the analysis. We do not have complete data about each reagent lot that were used, and effects of different lots can therefore not be investigated. Nevertheless, two different lots were used for the two outlying IQC results.
A tight schedule at the one-day course may have resulted in too little time to stress the importance of IQC and EQA. Other participants in Noklus have a 3 to 4-hour course only about quality control and blood sampling. Still, the pharmacy participation is quite similar to Noklus's experiences with other participants: the compliance in EQA surveys and reporting IQC results for GP offices and nursing homes are also modest, especially the first year after enrolment in Noklus. In a previous study in a pharmacy setting all participants reported results in the EQA surveys. 20 However, in that study the implementation of quality control was the main focus, while in this study IQC and EQA was one of several new procedures. When participants obtain "poor" evaluations in the Noklus EQA surveys, they are contacted by a Noklus laboratory advisor, which are experienced biomedical laboratory scientists. Together the participant and the advisor try to uncover the causes for the deviant result and correct any mistakes that might have been done. Furthermore, Noklus offers guidance for all participants, site visits, laboratory and E-learning courses, in addition to producing guidelines and procedures for all laboratory work performed in PHC. If the result of a IQC sample is outside the set limits, the patient samples should not be reported until the reason for the error is determined and corrected. The participants are encouraged to contact Noklus laboratory advisors if they have questions. Noklus offers different forms, including electronic forms that participants can use for documentation of IQC results. These are all actions to prevent future HbA1c "errors."
While one study in a Norwegian setting showed that pharmacists can obtain EQA results similar to that of GP offices for glucose, 20 a study from Italy found that the analytical performance of POCT for glucose, cholesterol and triglycerides in three different pharmacies was relatively heterogeneous and two to five times higher compared with laboratory technicians. 12 A study from 2008 found that only 37% of the Norwegian community pharmacies that offer to check the patients' blood glucose instrument reported to perform analytical quality control of the analysis. 29 In Scotland, only 6.5% pharmacist reported that they have a quality assurance in place for different services, and analytical quality control was not included. 30 In addition, in previous studies where measurement of glucose or HbA1c is performed in pharmacies, analytical quality control is not reported. [4] [5] [6] [7] [8] [9] In this study, some of the pharmacists did not understand the importance of quality control, and prioritized the recruitment of customers and the conduct of the service before the quality control.
This shows the need to focus on the importance of analytical quality control in pharmacies where POC testing is offered. There is no regulation that describes education or training or minimum clinical knowledge. To implement quality control, it is essential that the pharmacists receive education in how to perform the analytical quality control. Furthermore, it takes time to get good routines for laboratory work and to become familiar with analysis and IQC and EQA. Thus, follow up by the EQA organization (Noklus laboratory advisor) is important, especially the first year after enrolment. In this study, unclear instructions to the pharmacist and Noklus laboratory advisors may have been the reason that the IQC not was performed as advised, and that the pharmacists did not always contacted the Noklus laboratory adviser if they had problems.
Conclusions
The pharmacies show the ability to fulfil the recommendations from international organizations and Noklus for internal and external analytical quality for POC HbA1c measurement. The performance in the EQA surveys was comparable to results obtained by GP offices with many years of experience. IQC and EQA should be mandatory for all pharmacies offering services involving POCT to ensure accurate and reliable results for optimal patient care.
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